ABSTRACT Soft X-ray observations of the limb event on 1980 April 30 are summarized. These consist of maps made with the Flat Crystal Spectrometer and calcium and iron spectra obtained with the Bent Crystal Spectrometer. The physical conditions, e.g., temperature, density, and energy fluxes, are estimated. The conductive losses exceed the radiative flux during the flare by a factor of about 100. Spectral lines were observed to have enhanced broadening, probably indicating turbulence, for several minutes, coincident with the hard X-ray burst. Since the estimated cooling time is less than the duration of the hot plasma, continuous required of 3 X 10 30 ergs.
I. INTRODUCTION
A solar flare which occurred on the west limb from NOAA region 2396 (optical class SN, 1-8 Â X-ray class M2) at about 2026 UT on 1980 April 30 was observed with both the Flat Crystal Spectrometer (FCS) and the Bent Crystal Spectrometer (BCS), which together make up the X-Ray Polychromator (XRP) on the Solar Maximum Mission. This Letter discusses the data received and gives some preliminary interpretation. It should be read in conjunction with other Letters in this issue which deal with the same event. This flare was selected for study because, in addition to the XRP data, a comprehensive data set was obtained by several of the other SMM instruments.
II. BENT CRYSTAL SPECTROMETER DATA The BCS instrument was in a mode in which full spectral coverage was maintained in all eight detectors with a time resolution of 6 s. Data from detector 1 (3.165-3.231 Â, covering Ca xix lines) and detector 4 (1.840-1.984 Â, covering Fe xxv lines and Fe xxiv satellites) are discussed here. (For further details on the BCS instrument see Acton et al. 1980 .) Time resolution was 3 s during the flare, and 6 s otherwise. Plate L3g shows the light curve in the Ca xix resonance line (X = 3.176 Â). Figure 1 shows examples of spectra from detector 1 at two stages in the event, one during the rapid rise of the calcium resonance line light curve, the other a little (Doschek et al. 1980) and Skylab XUV data (Widing and Spicer 1980) .
The widths of the calcium lines are very large in coincidence with the period when the Hard X-Ray Burst Spectrometer (HXRBS) observed a 2 minutes long X-ray burst at energies above 20 keV (see Orwig, Dennis, and Frost 1981) . They indicate a broadening largely in excess of the thermal width predicted by assuming equal ion and electron temperatures. In Plate L3c and L3¿, the time correlation of large broadenings with the hard X-ray burst is shown. A similar correlation has been found for other BCS events (Culhane et al. 1981) . These are the first X-ray line observations obtained by a nonscanning method, thereby eliminating line profile uncertainties introduced by source intensity changes with times. Furthermore, this is the first time that it has been possible to correlate conclusively enhanced broadening with the impulsive phase as indicated by the hard X-ray bursts.
Turbulent velocities are estimated from these line widths, corrected by a function describing instrumental blurring and assuming that the ion temperatures are equal to the electron temperatures (derived from the line ratio analysis discussed below). Most probable velocities of up to 180 km s" 1 are obtained at the time of the hard X-ray burst. The time correlation suggests that the observed turbulence is a result of energy input to the region concerned from the nonthermal process responsible for the hard X-rays. Alternatively, the turbulence may represent the source responsible for accelerating the fast electrons, although it is unlikely that this occurs in the same high-density regions which emit the majority of the soft X-ray spectra. "Ionization" temperatures, T z , as defined by Gabriel (1972) , have been derived from the ratio of satellite line q (entirely due to inner-shell excitation and thus sensitive to the concentration of the Li-like stage) to the resonance lines of both Ca xix and Fe xxv. For Ca xix they are considerably below T e , remaining at Pz ~ 6 X 10 6 K throughout the event. Although there is a similar departure initially for Fe xxv, T z is within ^2 X 10 6 K of T e from 2028 UT onward. The Ca xix results could imply that the flare remains an ionizing plasma for at least 15 minutes. However, it is more likely that this result, also reported for other flares by WAVELENGTH (Á) Fig. 1 .-BCS spectra of the Caxix lines at two stages in the April 30 flare: (a) during the rise of the Ca xix light curve, at the time of the HXRBS burst; (b) during the decline of the Ca xix light curve. Count rates can be roughly converted to photon fluxes (photon cm -2 s -1 ) using the multiplicative factor 40. Doschek, Kreplin, and Feldman (1979) , is due to residual uncertainties in the ionization and recombination rates used to derive T z from the measured A 7 '(Li)/ Af(He). The Fe xxv results indicate that the plasma reaches approximately ionization equilibrium conditions when its temperature reaches a constant value of about 15 X 10 6 K in the decay phase.
III. ELAT CRYSTAL SPECTROMETER DATA During the April 30 flare the FCS crystals were fixed at their home position on the O vm, Ne ix, Mg xi, Si xiii, S xv, and Fe xxv resonance lines, and the instrument performed polychromatic maps of the active region and flare. The operating mode was such that 3' square rasters in 15" steps were performed at the start of the orbital day until a flare trigger was received from the BCS at 20:20:35 UT, whereupon 30" square rasters were performed over the most intense part of the flare. These rasters, executed in 9.2 s (followed by a 4 s dead time), consisted of 9 pixels separated from one another by 10". Figure 2 shows the large rasters in preflare conditions at two times, both before the flare trigger. The small box superposed on the later O vu 3' raster shows the 30" field of view at the brightest point in the Mg xi resonance line emission as determined some 15 minutes before the main flare when a precursor event occurred.
At this stage, it is possible to establish coalignment between FCS, HXIS, and UVSP instruments to around 15". This uncertainty, together with the difficulty of establishing the precise position of the solar limb, leaves a similar uncertainty in relating the observed phenomena to the limb position. Thus, although the features described appear in Figure 2 to lie above the limb, it is clear from the analysis reported later that the intense region seen in the smaller 30" square field is the same as the bright point observed by HXIS (van Beek et al. 1981 ) and reported by them as just inside the limb. As can be seen in Figure 2 , emission from the preflare active region extends in a line parallel to the solar limb. Between the raster initiated at 20:15:07 UT and 20:17:39 UT, there is a pronounced brightening, and the higher ions show an indication of the "tongue" of plasma to the southwest, which is reported as brightening at 20:19:52 by the HXIS experiment. The brightening can be correlated in time with the increased intensities in C iv lines observed in low-lying loops by the UVSP experiment (Woodgate et al. 1981) . Figure 3 shows a set of contours of the small field of view, as seen in the FCS in light from the Fe xxv resonance line. The sum of the counts from this 30" square field can be compared with the signal measured from the BCS 6' square field for the same spectral line. With the present preliminary analysis, these absolute fluxes (which depend on factors such as the width of the line and the precise position of the source in the BCS field of view) cannot be relied upon to better than 30%. However, it is clear that most of the BCS signal must come from the FCS 30' square field of view.
Examination of Figure 3 shows that the flare brightening occurs initially a little to the east of the point of 198lApJ...244L.147G LIMB SOLAR FLARE L149 No. 3, 1981 maximum emission in the preflare plasma and begins to rise steeply, coincident with the hard X-ray burst (Orwig, Dennis, and Frost 1981) . At this time, the temperature measured in Fe xxv radiation (see Plate L3) shows its maximum value. By 20:23:59, during the rapid decrease of hard X-ray emission, the brightest point in Fe xxv has moved toward the west, in correspondence to the brightest point in 0 vm, Ne ix, and Mg xi before the flare occurred. Peak intensity in Fe xxv is reached around 20:24:26. The brightening can be followed, moving essentially to the west initially, and later turning toward the southwest when leaving the field of view at 20:30:36. This is precisely the motion observed in the lower point brightening seen by HXIS and lends support to the identification of these two measurements as colocated. In view of the residual uncertainties in the coalignment of the SMM instruments, some detailed consideration was given to the possibility that the FCS event could be identified with the HXIS tongue. Consideration of absolute fluxes, however, shows that only the bright point has sufficient intensity to produce the FCS signals.
The fluxes in the FCS raster were derived using instrument sensitivity values of Acton et al. (1980) Mg xi, and Si xm resonance lines show that the material in each line of sight is adequately described by a single-temperature model. This temperature varies between ^2.9 X 10 6 K in the outer parts of the regions to ^4.4 X 10 6 K at the hottest point, which lies 15" west of the 0 vm bright point before 2017:39 UT. Such single-temperature models are not intended to prejudge the line-of-sight temperature variation, but aim to give the simplest fit to the data set within this preliminary analysis.
The same approach may be applied to the rasters obtained during the flare. However, during the flare the emission measure distributions show that there is an increase in the amount of material present at all temperatures from ^3 X 10 6 K to 20 X 10 6 K. As the flare progresses to maximum, the amount of material at ^10 7 K increases relative to that at ^3 X 10 6 K, and then decreases again in the decay phase, as one might expect. The rapid rise in T e to ~10 7 K in the brightest area occurs between the rasters obtained at 2017:39 UT and 2020:35 UT. The emission measure rises by at least a factor of 7 during this time (depending on T e ). Table 1 summarizes the maximum emission measures EM (7" N e 2 dl) for the listed values of T e , for the 30" by 30" region observed during the flare, and for the same location in the active region before the flare.
IV. DISCUSSION In spite of the limited information available on the geometry of the source region, it is possible to make preliminary estimates of the energy balance, providing certain assumptions are made. We assume that the line-of-sight extent of the region is the same as the lateral extent observed. We also assume that the height of the region above the chromosphere, measured along connecting field lines, is the same order as that of the low loops observed by UVSP, i.e., 10 4 km, and that the later movement of the bright point represents a further increase in height. Thus we assume that the line-ofsight emission measure J* N e 2 dl is the same as that obtained if the integral were carried out along the field lines, i.e., along the direction of thermal conduction.
For a loop cooled mainly by conduction, the constant gradient in T 7/2 results in a temperature profile that is nearly isothermal over most of the loop. For maximum temperatures greater than 4 X 10 6 K, as in Table 1 , it makes negligible difference which temperature of less Vol. 244 than 1 X 10 6 K one takes for the heat sink. We therefore take To, the temperature of the sink, to be 1 X 10 6 K and derive the effective conductive heat loss of the major part of the loop, i.e., that above 1 X 10 6 K. These fluxes are listed as F c in Table 1 . We do not necessarily imply that the conductive flux remains as high all the way down to 10 5 or 10 4 K. It may be that radiation losses at these lower levels cause the temperature gradient to flatten.
The radiative heat loss F R from the same region (i.e., Te > 1 X 10 6 K) can be readily derived in an adequate approximation by assuming the entire loop is at the temperature of its maximum. We use here an approximate form for the radiative cooling of solar plasma of Prad = 6 X 10-17 /r e ergs cm 3 s" 1 , which is valid over the range of temperatures listed in Table 1 (e.g., McWhirter, Thonemann, and Wilson 1975) .
From Table 1 we can see that the assumption F c > F r is marginally valid for the preflare region, but completely so during the flare, when the values of F c increase substantially. Table 1 summarizes the radiative and conductive losses as derived from the emission measure and height of the central region of the flare. The density and pressure changes during the flare can also be found assuming a constant path length as before. These are included in Table 1 , where pressure is in units of Ne XT e .
It can be seen that pressure is at a maximum near the peak of the flare emission. The radiation losses follow the emission measure. The conductive losses follow the variation in the maximum T e , since h does not change significantly. The total energy loss rate reaches ^6 X 10 9 ergs cm -2 s -1 at peak. We can now consider the energy density of the flaring plasma. For comparison with the fluxes in Table 1 , we choose a loop of 1 cm 2 section of height (during the peak of the flare ^20:25 UT) 20,000 km. The volume V of this region is then 2 X 10 9 cm 3 . The total thermal energy 3/2 NkTV is of the order 7 X 10 11 ergs. This is much larger than the turbulent energy density, which at 100 km s -1 velocities is 7 X 10 9 ergs. With this energy density, the losses given in Table 1 lead to a cooling time of 100 s. Since the flare plasma persists for at least 7 minutes, it is likely that a continuous energy input is required. The total energy requirement for the flare plasma observed can then be obtained by integrating F c in Table 1 over time, and over the total area of the loop, assumed here to be (10 4 km) 2 . This yields an energy of 3 X 10 30 ergs.
